Background: Early recognition of severe sepsis and septic shock is challenging. The aim of this study was to determine the diagnostic accuracy of an electronic alert system in detecting severe sepsis or septic shock among emergency department (ED) patients. Methods: An electronic sepsis alert system was developed as a part of a quality-improvement project for severe sepsis and septic shock. The system screened all adult ED patients for a combination of systemic inflammatory response syndrome and organ dysfunction criteria (hypotension, hypoxemia or lactic acidosis). This study included all patients older than 14 years who presented to the ED of a tertiary care academic medical center from Oct. 1, 2012 to Jan. 31, 2013. As a comparator, emergency medicine physicians or the critical care physician identified the patients with severe sepsis or septic shock. In the ED, vital signs were manually entered into the hospital electronic heath record every hour in the critical care area and every two hours in other areas. We also calculated the time from the alert to the intensive care unit (ICU) referral. Results: Of the 49,838 patients who presented to the ED, 222 (0.4%) were identified to have severe sepsis or septic shock. The electronic sepsis alert had a sensitivity of 93.18% (95% CI, 88.78% -96.00%), specificity of 98.44 (95% CI, 98.33% -98.55%), positive predictive value of 20.98% (95% CI, 18.50% -23.70%) and negative predictive value of 99.97% (95% CI, 99.95% -99.98%) for severe sepsis and septic shock. The alert preceded ICU referral by a median of 4.02 hours (Q1 -Q3: 1.25-8.55).
Background
Severe sepsis and septic shock are responsible for significant morbidity and mortality. In the United States, sepsis mortality reportedly occurs in 65.5 per 100,000 persons [1] . In Europe, the in-hospital mortality rate from sepsis is estimated to be 24.1% [2] . Notably, the incidence of sepsis has dramatically increased in recent years, with the sepsis rate per 10,000 admissions doubling between 2000 and 2008 [3] . Moreover, in-hospital deaths are reported to be eight times greater for patients hospitalized for sepsis compared to those hospitalized with other diagnoses (17% and 2%, respectively) [3] . Sepsis-related mortality is also extremely costly to the healthcare system, with an estimated $14.6 billion in 2008 in USA [3] . In Europe, 25% of sepsis patients are admitted to the intensive care unit (ICU) through the emergency department (ED) [2] .
Compliance with evidence-based guidelines for severe sepsis and septic shock management has been shown to be low, which has been attributed to factors such as delayed recognition [3] . Thus, a number of international campaigns (e.g., Surviving Sepsis Campaign, World Sepsis Day) have been launched to raise awareness, improve the care of patients with severe sepsis and septic shock, and emphasize early identification and intervention, which have been shown to reduce mortality [4, 5] . Furthermore, the 2012 Surviving Sepsis Campaign guidelines recommended routine screening for severe sepsis to allow earlier implementation of therapy and stated that the "key to achieving a reduction in mortality from severe sepsis is not just standardized evidence-based treatment, but equally important, the early recognition of sepsis" [6] .
A significant challenge in recognizing severe sepsis early is the complexity of the sepsis presentation, which makes it significantly more challenging to identify patients compared to many other time-critical conditions that are treated in the ED, such as ST-segment elevation myocardial infarction or acute ischemic stroke. Another challenge is ED crowding, which has been linked to the decreased likelihood of adherence to guideline-concordant care. Studies have also demonstrated a relationship between ED crowding and delayed antibiotic administration [7] . A promising measure in improving the efficacy of the health care services provided in ED during crowdedness periods [8] . Such systems should be time efficient and easy to use in order to maintain their impact even during periods of ED crowding.
Different screening tools using different combinations of severe sepsis and septic shock criteria have been studied in ED patients, with sensitivities ranging from 14 to 69% and specificities ranging from 35 to 99% [9] [10] [11] .
To be effective, a screening tool should meet a number of important criteria [12] . It must cause little or no patient morbidity, be affordable and easily available, identify the conditions for which treatment exists and be more effective when applied early in the disease course [13] . Sepsis is a prime example of a disease in which a screening tool could significantly impact ED management. The objective of this study was to determine the diagnostic accuracy of an electronic alert system in detecting severe sepsis or septic shock in (ED) patients.
Methods

Study setting
This single-center study of an electronic sepsis alert tool was conducted at a Joint Commission International (JCI)-accredited tertiary care academic medical center. This initiative was a part of a hospital-wide quality-improvement project that addressed the care of patients with severe sepsis and septic shock. The study was performed over a 4-month period from Oct. 1, 2012 to Jan. 31, 2013. The hospital has 900 beds and receives approximately 200,000 ED visits each year. ED admissions represents 46% of the total hospital admissions per year.
In the ED, vital signs were manually entered into the hospital information system (QuadraMed Computerized Patient Record System, Reston, VA, USA) hourly in the critical care area of the ED (patient triage levels one or two based on the Canadian Triage And Acuity Scale [CTAS] ) and every 2 hours in other areas in the ED (patient CTAS triage levels three and four) [4] . The ED had a stat laboratory with a turnaround time for white blood cell and lactate tests of approximately 1 hour. Patients presenting with severe sepsis and septic shock to the ED were first seen by the ED staff and then treated according to their clinical conditions. The patients were then were referred to the ICU team or to other services, as necessary.
Sepsis screening tool development
To develop a sepsis-screening tool, we first began a multidisciplinary sepsis-working group to develop a severe sepsis and septic shock alert for patients older than 14 years of age. The group used multiple "Plan, Do, Study, Act" (PDSA) cycles to test different combinations and determine appropriate detection parameters [14] . After multiple PDSA cycles in the development (testing) domain of our electronic health record (EHR) system, the combination shown in Sepsis-screening tool alert parameters appeared to have the best ability to screen for severe sepsis and septic shock in an ED setting. This tool works as follows.
The screening tool automatically scans certain
clinical and laboratory parameters, as well as the physician orders for fluid bolus or oxygen therapy (List 1). 2. If certain conditions are met (Sepsis-screening tool alert parameters), the system generates a "severe sepsis and septic shock" alert, and the test is considered to be positive. 3. This alert goes to the "nurse work list". 4. If the criteria are not met, the test is considered to be negative ( Figure 1 ). 5. The nurse responds to the alert and notifies a physician using a paging system, as instructed in the alert message. 6. To avoid multiple activations on the same patient, the alert is deactivated as follows: i. for 48 hours if the patient has suspected severe sepsis and septic shock, ii. for 24 hours if the patient does not have severe sepsis or septic shock, and iii. indefinitely if the code status precludes intensive care management of sepsis. 7. Alerts do not occur during deactivation time.
List 1: Sepsis-screening tool alert parameters
Two of the systemic inflammatory response syndrome criteria Temperature >38°C or <36°C Pulse >90 beats per minute Respiratory rate >20 breaths per minute White blood cell count >12,000 or <4,000 ml
And
One organ dysfunction
Systolic blood pressure <90 to 86 mm Hg with intravenous fluids or <86 mm Hg regardless of fluids Blood oxygen saturation <90% to 85% with supplemental oxygen or <85% without oxygen Lactate >2 mmol/L OR Two of the above organ dysfunction criteria
Study design
The study included a prospective consecutive series of all adult patients presenting to the ED from Oct. 1, 2012 to Jan. 31, 2013. We considered the clinical assessment of the emergency and ICU physicians to be the reference standard. ED and ICU physicians assessed patients for the presence of severe sepsis or septic shock using the standard diagnostic criteria [6] . The assessment was independent from the electronic sepsis alert system. The study excluded patients younger than 14 years of age, which is the cutoff in our hospital for adult patients. The study was approved by the National Guard Health Affairs (NGHA) Institutional Review Board (IRB) and no consent was required.
Statistical analysis
We calculated the test characteristics of the electronic sepsis alert system, including the sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio, and negative likelihood the ratio with corresponding 95% confidence intervals (CIs). For patients' who were referred to ICU, we collected additional demographic and clinical data. In addition, we calculated the time from alert activation to the ICU referral and values were expressed as medians and quartiles. We used the SPSS 20.0 software package (SPSS Inc., Chicago, IL, USA) for statistical analysis.
Results
Patients
In the 4-month study period, 49,838 patients presented to the ED, of whom 220 were identified by the ED or ICU physicians to have severe sepsis or septic shock. Table 1 shows the true positive and true negative test results. Table 2 shows the demographic and clinical characteristics of patients admitted to ICU. Table 3 shows the test characteristics of the electronic sepsis alert. For recognizing severe sepsis and septic shock, the test had a sensitivity of 93% (95% CI = 89%-96%), specificity of 98% (95% CI = 98.3%-98.5%), positive predictive value of 20% (95% CI = 18%-23%), and negative predictive value of 99.9% (95% CI = 99.95%-99.98%). The positive likelihood ratio was 59.88 (95% CI, 55.36-64.78), and the negative likelihood ratio was 0.069 (95% CI, 0.429-0.11). The electronic sepsis alert preceded ICU referral by a median of 4.02 hours (Q1-Q3, 1.25-8.55 hours).
Test characteristics
Discussion
In this study, we described the test characteristics of an electronic screening tool for severe sepsis and septic shock in the ED. The electronic sepsis alert had high sensitivity and specificity and negative predictive value. The low positive predictive value probably resulted from the detection criteria used in the alert system, which did not include clinical information, such as presenting symptoms or confirmatory laboratory tests. In addition, we demonstrated that our electronic sepsis alert tool preceded ICU referral for severe sepsis or septic shock. This finding is important and would facilitate timesensitive sepsis management and early sepsis care beginning in the ED. Various tools to screen for sepsis and severe sepsis have been previously evaluated in the ED setting. In a prospective observational study by Meurer et al., an electronic alert was sent to the care team if two or more systemic inflammatory response syndrome (SIRS) criteria were detected in patients older than 70 years. Their system had a sensitivity of 14% and a specificity of 98% for detecting an infection [9] . Nelson et al. used an automated messaging system that alerted the care team if a patient presented to the ED with two or more SIRS criteria in addition to two systolic blood pressure readings of <90 mm Hg. Their system had a sensitivity of 64%, specificity of 99%, positive predictive value of 54%, and negative predictive value of 99% [10] . Jaimes et al. also found that for patients presenting to the ED, the presence of two or more SIRS criteria had a sensitivity to detect infection of 69%, specificity of 35%, positive predictive value of 90%, and negative predictive value of 12% [11] .
The main difference between our study and previous studies is the criteria for activating the alert system. We used a combination of clinical and laboratory parameters and a physician order of fluid or oxygen therapy. We used an electronic alert rather than a paper-based system and applied this system in an ED setting. Our results demonstrated that the electronic alert preceded ICU referral by a median of 4.02 hours (Q1-Q3, 1.25-8.55 hours). The low prevalence found in our study was because the alert system screened all patients who presented to the ED, not only the high-risk patients or those who presented to the ED with infection. Alert systems should focus on preventing active failures and individual error-producing conditions [15] . Therefore, achieving a high specificity of 98.4% was important. To avoid "alert fatigue and overriding", the alert should be followed by directing the bedside nurse to ask the physician to respond to it [16] .
Our results must be interpreted based on their strengths and limitations. We demonstrated good diagnostic properties in an ED with a high number of visits. One of the limitations of this study is that it was conducted at a single academic medical center. EHR systems vary widely among institutions, therefore it is not possible to comment specifically on the ease with which our sepsis recognition strategy might be used in other institutions. Another limitation is that we described only the characteristics of patients who were admitted to the ICU. Another factor is related to the limitation of the alert design: our alert system scans the most recent vital signs for sepsis criteria; hence, the trigger threshold is decreased because all criteria must be aligned at the same time.
Conclusion
The high specificity and sensitivity and negative predictive values of the alert system are promising. We have demonstrated a feasible approach that allows us to recognize patients with severe sepsis with high sensitivity and specificity. An electronic alert preceding ICU referral could lead to earlier sepsis management and minimize delays in recognizing sepsis. 
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